Abstract: This paper presents an analytical study which deals with the behavior of the circular plates in bending theory, considering the soil-structure interaction under Winkler's hypothesis. It was intended to illustrate the variation of internal forces and deformations according to the flexibility coefficient of plates considering three models: a fixed solid circular plate subjected to a uniformly distributed load, a fixed solid circular plate acted by a displacement applied on the exterior contour and a solid plate subjected to a temperature gradient. For this study the computation relations were written as a product between a dimensional and a non-dimensional factor, the last one indicating the variation of internal forces and deformations. For each type of action there are presented results obtained using the finite element method to illustrate the differences between this method and the analytical computation.
Introduction
The circular plates -soil interaction is a complex and difficult to handle problem which is encountered in the sizing and the designing of a large number of special, axisymmetric constructions, such as tanks, secondary and primary clarifiers, pumping stations, overhead tank, cement silos, cereals and clinker silos, fermentation tanks and so on. This issue has been and remains one of particular importance, with a large number of scientific papers devoted with solutions which are still far from a satisfactory approximation of the structure -soil interaction.
Theoretical foundation of the plates computation on elastic medium was laid by Winkler in 1867 [1] and later by Boussinesq in 1885 [2] , the next developed models appeared in a desire to improve the first two and achieve results closer to real behavior [3] , [4] , [5] .
The structure -soil interaction analysis can be achieved both by using conventional methods available in the literature and also by using software based on finite element method, each having its advantages and disadvantages. Regardless of the method adopted, accuracy of the results is dependent on the computational model and the soil physical and mechanical characteristics of determination.
The purpose of this paper is both to provide an analytical study of the influence of flexibility coefficient on the size of internal forces and deformations due the action of certain loads considering soil a Winkler medium and also to compare results analytically with those provided by the ANSYS Mechanical APDL program.
The Winkler's model was chosen because it is clear and easily to apply, providing satisfactory results for sands and lacking cohesion soils, with a reduced influence of coefficient of subgrade reaction on the results.
The Winkler's model. State of internal forces and deformations
The Winkler's model is based on the concept that the soil is a continuous, homogeneous and elastic medium, where the reaction at any point is proportional to the deformation of the point, the feature relation being:
( 1 ) From a mechanical standpoint, the model is composed of independent springs whose elastic characteristic is the coefficient of subgrade reaction. It is considered that the foundation is in permanent contact with the ground over its all surface, the friction effect in bending study is neglected and the plate deformations are sufficiently small to be allowed to apply the principle of superposition effects. The state of internal forces and deformations for a circular plate supported on elastic medium as shown on Figure 1 , subjected to temperature gradient T and to axisymmetric forces applied normaly to plates plane can be studied from the bending plates solution of synthesis equation, together with the boundary conditions. The synthesis equation is a fourth order differential equation, nonhomogeneous with variable coefficients [6] , [7] : (2) the following notations were used: 
Separating the real part of the solution (8) and using the Kelvin Thomson functions, general solution becomes [6] , [7] : (2) 
Using equation (9) and considering solid plates resting on elastic medium (constants 3 C and 4 C must be zero to have finite deformation in the center of plate) we can express relations for defining the status of internal forces and deformations due to action of axisymmetric forces and temperature gradient:
The following notations have been used: -1'st case: fixed solid circular plate subjected to an uniform distributed load p (Fig.3) ; -2'nd case: fixed solid circular plate acted by a displacement w e applied on the exterior contour (Fig.4) ; -3'rd case: solid circular plate subjected to a temperature gradient T (Fig.5 ). 
Considering the three cases presented, it have been determined the computational relations for internal forces and deformations starting from the general relations (18), (19), ..., (22).
Particular solutions, boundary conditions
The particular solutions for each type of load have been determined considering the form of the right member of equation (2):
-for the first case: 
The variation of nondimensional coefficients
The general computational relations for internal forces and deformations were written as a product of two factors, one nondimensional and another one dimensional; the Poisson's ratio was considered  = 0.2 and a variation between 1 and 15 was chosen for the flexibility coefficient. The nondimensional coefficients c() were plotted depending on the  variable.
Computational relations for the 1'st case
Computational relations for deformations [7] : Computational relations for internal forces: 
Computational relations for the 3'rd case
Computational relations for deformations [7] : According to the proposed examples, the value for flexibility coefficient is =3,058.
The internal forces and deformations were determined for each case using the analytical proposed method and ANSYS Mechanical APDL program [9] . For the finite element method (FEM) there have been used SHELL181 elements to define the concrete plate and SURF154 elements for elastic medium. The results obtained from the analysis performed are comparatively presented in the following graphs and tables: 
Conclusions and observations
Taking into consideration the analyses made in this paper, the state of internal forces and deformations is influenced by the following parameters:
-load type and the functions which define loads; -boundary conditions for plate; -the ratio between the plate stiffness and the coefficient of subgrade reaction.
parameter is a flexibility coefficient with which three categories of behavior for plates can be defined:
-rigid plates if It was observed that for rigid plates with 1.5   , in the first two analysed cases, the contact pressures between plate and soil have a quasi-uniform variation across the plate radius and it becomes a parabolic variation with the increase of . The difference between the two cases is that for the first case, the contact pressure increases with the increasing of flexibility coefficient and for the second case the pressure decreases as the plate becomes more flexible, the same phenomenon is encountered for displacement w and shear force Q r .
Regarding the rotations, for the first cases the values increase with the increasing of flexibility coefficient, with a parabolic variation with positive or negative values, the variation is changing for flexible plates with maximum values near the exterior contour.
The values for bending moments in radius directions M r and in the ring direction M  (for the first two analysed cases) have high values for rigid plates because the soil response is insignificant and reduced values for flexible plates.
The displacements and the rotations are blocked by soil reaction and consequently the bending moment stretch the cooler fiber of plate in the case of thermal gradient action. The internal forces and deformations depend on flexural stiffness of the circular plate and soil reaction.
For the first two analysed cases the variation of internal forces and deformation is identical to the variation of nondimesional coefficients, but this observation is not available for the third case (for the last case the dimensional coefficient depends on the thickness of plate).
Comparing the analytical results with those obtained from the application of finite element method with the ANSYS Mechanical APDL program there is a good corespondence, the differences being within engineering practice accepted limits (about 3-5%).
These conclusions and observations are important for the design of structures as knowledge of how the internal forces are located is important for reinforcements. Based on these studies other studies can be achieved considering some new boundary conditions and other types of loads, such that when engineers use programs based on the finite element method they will have control over the results.
